Prepared for submission to JHEP 



Spontaneous parity breaking and supersymmetry 
breaking in metastable vacua with consistent 

cosmology 

cn" 

o 

(N 

a 

' Debasish Borah and Urjit A. Yajnik 

^O . Department of Physics, Indian Institute of Technology Bombay, 

Mumbai 400076, India 

'^' 
^ i' E-mail: debasishSphy. iitb.ac. in, yajnikOphy. iitb.ac. in 

^ . Abstract: We study the compatibility of spontaneous breaking of parity and successful 

cosmology in a left-right symmetric model where supersymmetry breaking is achieved in 

^sg i metastable vacua. We show that domain walls formed due to this breaking can be removed 

K^ I due to Planck scale suppressed terms, provided the parity breaking scale Mr is constrained 

to remain smaller than 10^*^ — 10^^ GeV. Ensuring metastability is achieved naturally even 

■^ ' if the entire mechanism operates at low scales, within a few orders of magnitude of the 

• ■ TeV scale. Taking Mr as high as permitted, close to the acceptable reheat temperature 

f— ^ . after inflation, would require the magnetic phase of the Supersymmetric Quantum Chro- 

modynamics (SQCD) to have set in before the end of inflation. 

Keywords: Supersymmetry Breaking, Beyond Standard Model, Cosmology of Theories 
r> I beyond the SM, Supersymmetric Effective Theories 






Contents 

1 Introduction 1 

2 Domain Wall Dynamics 3 

3 ISS Model: A Recap 4 

3.1 The macroscopic model 5 

3.2 SUSY breaking vacua 5 

3.3 SUSY vacuum 6 

4 D-Parity breaking w^ith ISS type SUSY breaking 6 

5 Domain Wall Removal 8 

6 Longevity of metastable vacua 10 

7 Results and Conclusion 10 



1 Introduction 

Left-Right Symmetric Models (LRSM) [1-5] with the gauge symmetry SU{3)c x SU{2)l x 
SU{2)pi X U{1)b-l provide a framework within which spontaneous parity breaking as well 
as tiny neutrino masses [6-9] can be successfully implemented without reference to very 
high scale physics such as grand unification. The structure of the gauge group also suggests 
a discrete Z2 symmetry, so called D-parity [10, 11] under which the left and right handed 
fields get interchanged and the gauge charges §21, g2R are equal at some suitable scale. 
In supersymmetric implementations of Left-Right symmetry [12-15], stability of gauge 
hierarchy becomes natural and R-parity Rp = (— l)3{^-i)+2'S' (-v^iiere S is the spin,) is 
automatically a part of the gauge symmetry. A stable Dark Matter candidate is therefore 
more natural than in the Minimal Supersymmetric Standard Model. 

Spontaneous breaking of exact discrete symmetries has cosmological implications since 
they lead to frustrated phase transitions leaving behind a network of domain walls. These 
domain walls, if not removed will be in conflict with the observed Universe [16, 17]. It 
was pointed out [18, 19] that Planck scale suppressed non-renormalizable operators can 
be a source of domain wall instability. Interestingly, this generic analysis needs a careful 
revision when supersymmetry (SUSY) and gauge symmetries need to be incorporated. In 
the Next to Minimal Supersymmetric Standard Model, the problem was found to persist 
[20] , in the sense that the gauge hierarchy problem does not get addressed if the operators 
required to remove the domain walls are permitted. The problems encountered in that 



model are however generic to introduction of a gauge singlet. In the Supersymmetric Left- 
Right Models (SUSYLR) with all Higgs carrying gauge charges, it is possible to introduce 
Planck scale suppressed terms that are well regulated. One can then demand that the 
new operators ensure sufficient pressure across the domain walls that the latter disappear 
before Big Bang Nucleosynthesis (BBN). This requirement has been discussed in [21] in the 
context of -R-parity conserving SUSYLR models [12-14]. Similar analysis was shown to 
place constraints also on R-parity violating SUSYLR models [22]. The upshot is that the 
framework proposed in [21] gives rise to an upper bound on the D-parity breaking scale. 
And this scale is found to be ~ 10^'^GeV, far below the grand unification scale. The issue 
of how supersymmetry breaking may be achieved in these models is open and deserves 
special attention. In [23] gauge mediation mechanism was tailored to left-right symmetric 
case. It was however found to be unnatural to expect the Z?-parity breaking operators to 
also emerge from the hidden sector. 

Here we are interested in models where SUSY breaking is achieved without any strongly 
coupled hidden sector. Such models are based on the idea that SUSY breaking vacuum is 
a long lived metastable vacuum, as originally proposed by Intriligator, Seiberg and Sliili 
(ISS) [24]. This approach to SUSY breaking for the Minimal Supersymmetric Standard 
Model was pursued in [25] and for 50(10) in [26]. Recently ISS type SUSY breaking was 
considered for Left-Right symmetric model by Haba and Ohki [27]. However, D-parity is 
broken only locally in this model, so that in the early Universe there would be formation of 
patches corresponding to different vacua separated by a network of domain walls. We take 
the model [27] as a specific realization and study the domain wall disappearance using the 
framework proposed in [21]. 

The outcome of this study is that as in previous studies, an upper bound is required 
on the scale of the D-parity breaking and therefore the scale Mr of 5'C/(2)/j breaking. As a 
simple possibility, the entire program is successfully implemented if we treat all of the new 
physics to be within a few orders of magnitude of the known scale ~TeV, but in this case 
gauge coupling unification would be problematic [28]. An alternative is to note that the 
bound is tantalizingly close to the intermediate scale advocated in some string theoretic 
unification models ( see for instance, [29] [30]). But this scale is numerically comparable 
to the bound on the reheat temperature T^h after inflation required for the avoidance of 
gravitino overproduction. In the context of implementing direct supersymmetry breaking, 
this has implications also for the scale A^ below which the underlying SQCD can be treated 
as a magnetic theory, and its relation to inflation, as discussed in the concluding section. 

Before proceeding, it is worth mentioning that there are models where Z?-parity and 
SU{2)ji gauge symmetry are broken at two different stages, at the cost of introduction of a 
gauge singlet scalar field. Such models do not suffer from the problem of persistent domain 
walls [10, 11, 15, 31-34]. If the model is descended from breaking of 50(10), there is an 
interesting alternative to be studied. Firstly we observe that the breaking pattern of 50(10) 
is model dependent and exact left-right symmetry may not be an effective symmetry at 
any of the lower energy scales. However, in models where an exact left-right symmetry 
occurs naturally in an intermediate energy regime, domain walls are bound to occur when 
the D parity as an effective discrete symmetry gets broken. However, in this case Planck 



suppressed terms ensuring the disappearance of the domain walls do not occur, because 
being a gauge symmetry, quantum gravity effects do not naturally break it. This case 
however is not pursued here. 

This paper is organized as follows. In section 2 we briefly review the domain wall 
dynamics. In section 3 we summarize the ISS model and in section 4 we discuss the model 
originally proposed by Haba and Ohki [27] and then discuss how gravity can cure the 
problem of domain walls in this model in section 5. We also discuss the longevity of the 
metastable vacua in section 6 and summarize our results in section 7. 

2 Domain Wall Dynamics 

Discrete symmetries and their spontaneous breaking are both common instances and de- 
sirable in model building. The spontaneous breaking of such discrete symmetries gives 
rise to a network of domain walls leaving the accompanying phase transition frustrated 
[16, 17]. The danger of a frustrated phase transition can therefore be evaded if a small 
explicit breaking of discrete symmetry can be introduced. 

Due to the smallness of such discrete symmetry breaking, the resulting domain walls 
may be relatively long lived and can dominate the Universe for a long time. Since this 
will be in conflict with the observed Universe, these domain walls need to disappear at a 
very high energy scale (at least before BBN). Keeping this in mind, we summarize the two 
cases of domain wall dynamics discussed in [21], one in which the domain walls originate in 
radiation dominated era and get destabilized also within the radiation dominated era. This 
scenario was originally considered by Kibble [16] and Vilenkin [35]. The second scenario 
was essentially proposed in [36], which consists of the walls originating in a radiation 
dominated phase, but decaying after the Universe enters a matter dominated phase, either 
due to substantial production of heavy unwanted relics such as moduli, or simply due to a 
coherent oscillating scalar field. In both the cases the domain walls disappear before they 
come to dominate the energy density of the Universe. 

When a scalar field (j) acquires a vev at a scale Mn at some critical temperature Tc, 
a phase transition occurs leading to the formation of domain walls. The energy density 
trapped per unit area of such a wall is cr ~ Af^- The dynamics of the walls are determined 
by two quantities, force due to tension fx ~ a /R and force due to friction fp ~ /3T^ where 
R is the average scale of radius of curvature prevailing in the wall complex, /3 is the speed 
at which the domain wall is navigating through the medium and T is the temperature. The 
epoch at which these two forces balance each other sets the time scale t^ ~ i?//3. Putting 
all these together leads to the scaling law for the growth of the scale R{t): 

R{t) « (Ga)^/2^3/2 (2.1) 

The energy density of the domain walls goes as pw ^ {aR? /R^) ~ {a/Gt^Y'"^ . In a 
radiation dominated era this pw is comparable to the energy density of the Universe 
[p ~ l/{Gt^)] around time to ~ l/lCo"). 

The pressure difference arising from small asymmetry on the two sides of the wall 
competes with the two forces fp ^ \/{Gt^) and fx ~ {cF/{Gt^)Yi'^ discussed above. For 



5p to exceed either of these two quantities before to ~ l/(Gcr) 

Similar analysis in the matter dominated era, originally considered in [36] begins with 
the assumption that the initially formed wall complex in a phase transition is expected 
to rapidly relax to a few walls per horizon volume at an epoch characterized by Hubble 
parameter value Hi. Thus the initial energy density of the wall complex is p^r ~ oHi. 
This epoch onward the energy density of the Universe is assumed to be dominated by 
heavy relics or an oscillating modulus field and in both the cases the scale factor grows as 
a{t) a t^'^ . The energy density scales as Pmod ^ Pmod/('^(0)^- ^^ *^^ domain wall (DW) 
complex remains frustrated, i.e. its energy density contribution pdw ^ l/^(^)i the Hubble 
parameter at the epoch of equality of DW contribution with that of the rest of the matter 
is given by [36] 

i/eq ~ a'''H]"M-f/^ (2.3) 

Assuming that the domain walls start decaying as soon as they dominate the energy density 
of the Universe, which corresponds to a temperature To such that H"^ ~ GT^, the above 
equation gives 

T^ ~ a^'I^Hl'^Mpl (2.4) 

Under the assumption that the domain walls are formed at T ~ o"^' ^ 
Now from Eq. (2.4) 



H^ = ^Ga'/' ~ ^ (2.5) 

3 Mi ^ ^ 



Demanding 6p > T^ leads to 

^^>Mi{§^f (2.7) 

3 ISS Model: A Recap 

The ISS model consists of a pair of dual theories related to each other through the "Seiberg 
duality" [37]. There is a low energy theory which is referred to as the "macroscopic" or 
"free magnetic theory" which is infra-red (IR) free. The high energy theory is known as 
the "microscopic" or "free electric theory" and it is basically SU{Nc) SQCD which is ultra 
violet (UV) free. Seiberg duality says, SU{Nc) SQCD (UV free) with A^/(> N^) flavors of 
quarks is dual to a SU{Nf — Nc) gauge theory (IR free) with iV? singlet mesons M and 
Nf flavors of quarks q, q. Their approach revolves around studying the SUSY-breaking 
dynamics of the microscopic SU{Nc) SQCD in terms of the macroscopic, IR-free dual. 



3.1 The macroscopic model 

The macroscopic model is a Wess-Zumino model with the following symmetry group out 
of which SU{N) where N = Nj — Nc is gauged and the rest are global symmetries: 

SU{N) X SU{Nff X U{1)b X t/(l)' x U{1)r. (3.1) 

The matter content is as follows: 

SU{N) SU{Nf) SU{Nf) U{1)b f/(l)' U{1)r 
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(3.2) 
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The field $ is identified as the meson field. The fields ip and (p are the dual quarks. The 
Kahler potential is 
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and the tree-level superpotential is 

W = hTv [ip^ifi] - V^Tr$. 
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Denoting the scalar components of the superfields <1>, cf), (j) as M, g, and q respectively, the 
bosonic part of the Lagrangian for macroscopic theory can be expressed as 
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otential V^ = Vp + Vd given by 
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3.2 SUSY breaking vacua 

SUSY is broken in the above model by rank condition if iV < N j. The most general SUSY 
breaking vacuum is of the form 
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(3.8) 



where Mq is an arbitrary Nf — N hj Nf — N matrix. The vacuum energy is given by 

V =\hn'^\^{Nf-N)>0, (3.9) 

and the vacuum spontaneously breaks the J\f = 1 super symmetry. 



3.3 SUSY vacuum 

From equations (3.6) and (3.7), the super symmetric vacua lie at 

qq = f/lNf, qM = 0, g+M^ = 0, qq^-q^q = 0. (3.10) 

For these vacua, q and q are non-zero and hence M must be zero. However if we give M some 
general non-zero VEV (M) as in equation (3.8), the dual quarks f and if acquire a mass 
h{M). If we integrate out these massive flavors of quarks, the low energy superpotential 
becomes 

W,o^ = iV(/i^^/A-(^/-3^)detc|>)i/^ - /i/i^Tr^ (3.11) 

Minimizing the above superpotential gives rise to the super symmetric minima at 

(hM) = A„,.2^/(^/"^)l;v, = f^Jwp^r^mpN)^^, (3.12) 

where e = -^. The value of (p and (^ or equivalently q and q for these minima is zero. A^ 
refers to the scale above which the magnetic theory is strongly coupled. For |e| <^ 1, the 
SUSY preserving vacuum lies far away in the field space from the SUSY breaking vacuum 
and hence can be parametrically long lived as was pointed out by Intriligator et al. [24]. 

4 D-Parity breaking with ISS type SUSY breaking 

As suggested by the authors in [27], D-parity and spontaneous SUSY breaking can be 
naturally achieved in an ISS type framework if a new strongly coupled gauge sector is 
introduced to which the left-right Higgs fields are coupled. They proposed the electric gauge 
theory to be based on the gauge group SU{3)l x SU{3)r x SU{2)l x SU{2)r x U{1)b-l 
(in short G33221) where SU{2)l x <S'f/(2)/j x U{1)b-l is the gauge group of usual Left- 
Right models and SU{3)l^r is the new strongly coupled gauge sector introduced. The dual 
description similar to the original ISS model gives rise to SU{2)r broken meta-stable vacua 
inducing spontaneous SUSY breaking simultaneously. 
The particle content of the electric theory is 

Qi -(3,1,2,1,1), Q2~(3*,l,2,l,-1) 

Q?j -(1,3,1,2,-1), Q?j~ (1,3*, 1,2,1) 

where a = 1, Nf and the numbers in brackets correspond to the transformations of the fields 
under the gauge group 033221- This model has A'^c = 3 and hence to have a Seiberg dual [37] 
magnetic theory, number of flavors should be Nf > 4. For Nf = 4 the dual magnetic theory 
will have the gauge symmetry of the usual Left Right Models SU{2)l x SU{2)ji x U{1)b-l 
and the following particle content 

,/.i(2,l,-l), <^i(2,l,l) 

0?e(l,2,l), 4>Rih2,-l) 
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The Left-Right symmetric renorniahzable superpotential of this magnetic theory is 

Wlji = hTT(t>L^L4>L - hfi^Tv^L + hTT(t)R^R4>ji - h^^Ti<!>R (4.2) 

The tree level Kahler potential is 

Ko = Trcl)[(t>L + Tt4>{4>l + TY(/>^(/>jf^ + TY(^|j(^r + TV$[$i, + Tr$^$R (4.3) 

The non-zero F-terms giving rise to SUSY breaking are 

F$^ = h(l)L4>L - hi?6ab andF$^ = /i0/j0/j - h^^5ah (4.4) 

where a,h = 1,4 here and SUSY is broken by rank condition [24]. However depending on 
the vev of the meson fields ($l)) {^r)^ the chiral fields (pi, (pR will acquire different masses 
proportional to h{^L) and /i(<&_r) respectively. Suppose, ^r gets a non-zero vev and 
accordingly (pR acquire non-zero masses. Like in the ISS model (3.12) is we integrate out 
these massive flavors, we arrive at the SUSY preserving vacuum with only the left handed 
chiral fields (pi- After integrating out the right handed chiral fields, the superpotential 
becomes 

Wl = hTr(PL^L4>L - hfi^Tv^L + h^A-^det^R - hfi^Tr^R (4.5) 

which gives rise to SUSY preserving vacua at 

(h^R) = A^e2/3 = ^-Ij (4.6) 

where e = x^. Thus the right handed sector exists in a metastable SUSY breaking vac- 
uum whereas the left handed sector is in a SUSY preserving vacuum breaking D-parity 
spontaneously. Soft SUSY breaking terms can also be induced in the right handed sector 
as pointed out by the authors of [27]. However it is equally likely for ^l to acquire a vev 
instead of ^r. In that case left handed fields will acquire a mass /i(<&l) and get decou- 
pled. Integrating them out will give rise to a SUSY preserving right handed sector. Thus 
D-parity is broken only locally and there will be formation of local patches containing left 
and right handed sectors separated by a network of domain walls. Domain walls, being 
extended objects have more energy density than matter and radiation and hence start 
dominating the Universe very early. This will be in confiict with the observed Universe 
and hence such walls should be removed at early times or at least before BBN. We discuss 
one such possible way to get rid of them in the next section. 



5 Domain Wall Removal 

Although the electric theory is Left-Right symmetric, the magnetic theory breaks both 
D-parity as well as SUSY spontaneously as discussed in the previous section. D-parity 
is broken only locally giving rise to the formation of domain walls. Following [18, 19], 
we know that Planck scale suppressed operators can break D-parity explicitly and can 
make the domain walls disappear. However the magnetic theory where D-parity is broken, 
has an UV cut-off A^, and hence all the gauge invariant higher dimensional terms will be 
suppressed by A^ and not by Planck mass Mpi. But QCD effects can not be responsible for 
breaking D-parity although quantum gravity effects can break global discrete symmetries 
like D-parity explicitly. Therefore we assume that the differences in the left and right 
sectors brought about by A^ suppressed operators are of the order j^ . 

We write the next to leading order terms allowed by the gauge symmetry in the su- 
perpotential as well as Kahler potential. 

„.i , Tr{<PL'^L4>L)Tr<^L , , Tii<PR<^R4>R)Tr<^R , ,, (Tr«Dz.)^ , ,, (Tt'^r)^ ,_, 
VyLR = JL 7 h/iJ T h/L T ^ Jr T (5.1) 

Tr{<^i^Lr , (Tr^l'^L)^ . M<^i<^Rf (Tr<I>tj$i?,)2 

-f^l = —Ml To '^ZL To -^l-R To ■^2R- 
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^{{^Ul? + i^ikf) - ^{{A^R? + A4>R?) (5.2) 
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After the right(left) sector decouples we are left with the left(right) sector only. We find 
the energy of these two sectors separately. The terms of order -j^ are given by 

Vh = ^SR[fR{^l^lf + fR<lPR^lSl + {5l - SRf{{<tPRf + (4)2)] (5.3) 

The minimization conditions give (j)(f) = /^^ and S^ = —5^. Denoting {4>^r) = {(j>%) = /^ and 
{S%) = -{S%)=MR,weli&ve 

Vk = ^{\^^\'MR + \^^fMl) (5.4) 
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where we have also assumed /jj « /r. For |/u| < Mr we have 

^i = ^H^M| (5.5) 

If the scalar fields in the left sector also acquires similar vev, the terms of the order -r — in 
the expression for energy are 

Vl = ^IH^Ml (5.6) 

Thus the effective energy density is 

|,,|2/\^3 

Spr^HfR-fL)^-^ (5.7) 



Assuming quantum gravity effects to bring such an explicit violation of D-parity we must 
have 

'^' ^ < ^7^ 5.8 

Am ~ Mpi "■ ^ 

Here we are considering the dimensionless coefficients to be of order one. The above relation 

implies A^ > Mpi\fi\'^M^. For matter dominated era, we must have 



^4^>Mi(^y" 



Assuming the dimensionless parameters to be of order one, the above relation gives 



Mr < , (5.10) 



Using lower bound on A^ from equation (5.8), the above inequality gives the upper bound 
on Mr 

Mr < iMl'/'Mjf (5.11) 

Taking jj, to be of same order as SUSY breaking scale which is TeV, we get 

Mr < 1.3 X 10^° GeV (5.12) 

Similarly for radiation dominated era, we have 

2 Ml Ml 



A™ M[ 



M/fi-/L)^V^>T7f (5-13) 



Assuming dimensionless parameters to be of order one, we have 

I/;|2m2 

Ml < ^Y^ (5.14) 

Using lower bound on A^ from equation (5.8), the above inequality gives the upper bound 
on Mr 

Mr < |^|io/2iM^f ^ (5.15) 

Taking /x to be of same order as SUSY breaking scale which is TeV, we get 

Mr < 10" GeV (5.16) 

It is interesting to note that Mr as constrained in (5.12) is just above the upper bound 
on the reheat temperature Trh after inflation required to avoid gravitino overabundance. 
The constraint (5.16) if saturated precludes the possibility of thermal leptogenesis [38] due 
to the gravitino bound on Trh- But more importantly, the scale falls far short of either 
the scale of generic inflation ~ 10^^ — 10^^ GeV [39-41] or the scale of 5*0(10) grand 
unification rsj 2 x 10^^ GeV. Thus the successful completion of D-parity breaking phase 
transition demands the introduction of this new scale lying below the grand unification 
scale. Within the framework of SUSY, such a scale can be assumed to be protected from 
mixing with higher scales. 



6 Longevity of metastable vacua 

In the original ISS model [24], the metastable non-supersymmetric vacua can be made 
parametrically long lived by taking the parameter e = /u/A^ to be sufficiently small. In 
the semi-classical approximations [42] the tunneling probability from the metastable SUSY 
breaking vacua to the SUSY preserving true vacua is directly proportional to ex.p{—Sh) 
where Sh called the "bounce action" is the difference between the Euclidean action of the 
tunneling configuration and that of remaining in the metastable vacuum. The authors of 
[24] derived an approximate form of this bounce action using the techniques of [43] 

'' ^ \^\4{Nf-3N)/{Nf-N) ^^ ) 

where ^ is a factor of order one. The bounce action can be arbitrarily large and hence the 
metastable vacua can be arbitrarily long lived if e ^ 1. Similar analysis for the model of 
[27] will give rise to St ~ l/|ep^. For the metastable vacua to have a lifetime greater than 
the age of the Universe (~ 10^^ s) we have 

exp{|e|-^/3| > lo^s (6.2) 

which corresponds to the approximate bound e < 6 x 10^^. Thus any value of e below 
10~^ will make the metastable vacua long lived. This bound is not significantly changed 
for modest changes in the choice of Nj. From equation (4.6) we have (/i$ij) = /^hts- Using 
/i ~ 1 TeV, /i ~ 1 and the above upper bound on e we get the lower bound Mr -^ {^r) > 
3 TeV. Thus the Left- Right symmetry breaking scale Mr should be at least three times 
greater than the SUSY breaking scale M^usy ^ fi- It is interesting to note that this lower 
bound on Mr is very close to the current limit on Left-Right scale M^^ > 2.5 TeV [44] 
leaving the exciting possibility of some collider signatures in near future. 

7 Results and Conclusion 

We have discussed in details the recently proposed model by Haba and Ohki [27] where Left- 
Right symmetry is broken spontaneously and at the same time SUSY is broken dynamically 
in a metastable vacua. Such a model has all the nice features of SUSY Left-Right models 
and also provides a mechanism for SUSY breaking without referring to hidden sectors. 
Such ISS type models have an electric theory (UV free) and a magnetic theory (IR free) 
which are related by the so called Seiberg duality. We point out that like many other 
Left-Right models, this model also does not break D-parity globally. There exists two 
equivalent vacua corresponding to left and right sectors of the theory giving rise to the same 
vacuum energy. This will make the accompanying phase transition frustrated leading to the 
formation of domain walls separating different vacua. These domain walls are inconsistent 
with standard cosmology and hence have to disappear somehow at least before the BBN. 
We have discussed how incorporating higher dimensional terms in the magnetic theory can 
make these walls disappear provided the Left-Right symmetry breaking scale obeys certain 
bounds. The cornerstone of the construction, condition for the stability of the metastable 
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vacua eq. (6.2) shows that the scale A^ has to be at least a few orders of magnitude larger 
than M/j. 

The natural scale of gauge coupling unification is necessarily as high as 10^^ GeV in 
this class of models [45] [28] and hence the bounds obtained here, 10^*^ — 10^^ GeV disfavor 
unification. Further, making use of the requirement that the metastable vacuum has a 
lifetime longer than the age of the Universe, we arrive at a lower bound on the parity 
breaking scale Mn > ZMgusy ~ 3 TeV which lies just above the present lower limit on Left- 
Right symmetry scale ~ 2.5 TeV. These numbers suggest a natural possibility that the 
scale Mr is within a few orders of magnitude of the TeV scale, leaving open the possibility 
of signatures in future colliders. On the other hand, A^ is permitted to be close to but 
less than the gravitino bound on the reheat temperature T^h- 

An alternative is to contemplate the highest possible value permitted by this bound, 
since it is close to the intermediate scale of models with low string scale, [29] [30] lO^^GeV. 
Note that one of the scenarios for wall disappearance considered is entirely during " matter 
dominated" era which is generic to string inspired models because of presence of a large 
number of moduli fields that could give such an evolution, alternatively because oscillating 
coherent condensates mimic this kind of evolution of the scale factor. The bound in this 
case is Mr < 1.3 x 10^*^ GeV. But we must then contend with the fact that the scale is just 
above the gravitino bound on reheat temperature after inflation, Trh < 10^ GeV. This 
means that if Mr is as high as allowed by the proposed bound and therefore consistent 
with intermediate scale unification, then A^, lies above the reheat temperature T^h- 

If h-m > TjiH, the Universe should already be in the magnetic phase when inflation 
ends, since the subsequent evolution of the Universe will not be able to alter the phase of 
the SQCD. Setting up such initial conditions is more natural to low field infiation than to 
high field or Planck scale inflation. 
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